1188 Shimotogari, Nagaizumicho, Suntogun, Shizuoka, Japan (Received for publication May 9, 1980) A facile alcoholysis of 7-methoxymitosanes and 5-methoxyindolequinone under basic conditions was discovered and a series of 7-alkoxymitosanes were synthesized from mitomycins A and B using this reaction.
They showed strong antibacterial activity against various Grampositive and Gram-negative bacteria and were potent inhibitors of cultivating HeLa S-3 cells in vitro.
Among them, 7-n-propoxy-7-demethoxymitomycin A (2) showed the strongest antitumor activity against solid type Sarcoma-180 in mice. 
Chemistry
In the presence of small amounts of a base, 7-methoxymitosanes underwent alcoholysis and were converted to the corresponding 7-alkoxymitosanes. The reaction was carried out in a short period when the 7-methoxymitosanes were dissolved in alcohol in the presence of a base such as sodium alkoxide or potassium hydroxide with stirring at room temperature. The reactions with mitomycin A or B and various alcohols yielded the corresponding 7-alkoxymitosanes. They are 7-ethoxy (1), 7-n-propoxy (2), 7-i-propoxy (3), 7-n-butoxy (4), 7-i-butoxy (5), 7-secbutoxy (6), 7-n-amyloxy (7), 7-i-amyloxy (8), 7-n-hexyloxy (9), 7-cyclohexyloxy (10), 7-n-heptyloxy (11), 7-n-octyloxy (12), 7-n-decyloxy (13), 7-stearyloxy (14), 7-(2-methoxy)ethoxy (15), and 7-benzyloxy-7-demethoxymitomycin A (16) and 7-i-propoxy-7-demethoxymitomycin B (17). The reaction products were purified by chromatography on silica gel followed by crystallization from appropriate solvents. Yields, melting points and the molecular ion peaks by high resolution mass spectrum of 7-alkoxymitosanes are shown in Table 1 . Furthermore, the same reaction could also be applied to an indolequinone. I-Ethyl-3-hydroxymethyl-5-methoxy-2-methylindole-4,7-dione reacted with i-propanol to give 1-ethyl-3-hydroxymethyl-5-i-propoxy-2-methylindole-4,7-dione (18). These results suggest that the reaction may be applicable to the 7-alkoxymitosenes and o-alkoxy p-quinones.
Such transalkoxylation was not known in mitomycin chemistry or in general quinone chemistry. As shown in Table 1 , alcoholysis of 7-methoxymitosanes was found to be more efficient with a lower alcohol than with a higher alcohol. One of the reasons may be due to the fact that solubility of the base is higher in a lower alcohol than in a higher alcohol. The yields were not affected by the kind of the base. It is known that mitomycins A and B are subjected to decarbamoylation by the action of excess sodium methoxide and that the corresponding decarbamoylmitosanes are given .21' But in the alcoholysis which is described in the present paper, no corresponding decarbamoylmitosane was obtained. It is wellknown that 7-methoxy or 7-amino groups on mitosane undergo selective hydrolysis by treatment with aqueous sodium hydroxide, and 7-hydroxymitosane is obtained, and that treatment of 7-methoxymitosane such as mitomycin A or B with methanolic amines yields the corresponding 7-aminomitosane.5) The reactivities of the 7-position of mitomycins may be explained by the conjugation system of the quinone ring. In hydrolysis, aminolysis and alcoholysis at the 7-position of mitosanes, it is reasonable to assume that nucleophiles such as hydroxides, amines or alkoxides attack at C7 by MICHAEL addition and then the original substituents on C7 are replaced by the shift of equilibrium. Thus, the amino group or methoxy group on C7 of the original mitosanes is lost as a leaving group. By conjugation of the quinoid system, 7-hydroxymitosane is acidic enough to make a salt with a weak base such as triethylamine.4)
The p.m.r. spectra of the resulting 7-alkoxymitosanes were compatible with these structures. The methyl protons of 7-methoxy on mitomycins A and B were assigned to 5 4.03 ppm (3 H, s) and 6 4.05 ppm (3 H, s) respectively, while these peaks disappeared upon alcoholysis products and signals corresponding to newly introduced alkoxy protons were shown, at 3 1.33 ppm (3 H, t, J=6.5 Hz) and 6 4.93 ppm (2 H, q, J=6.5 Hz) in 1, and at 6 5.40 ppm (2H, s) and 3 7.43 ppm (5 H, s) in 16. The amino protons of the urethane group on these derivatives were assigned at ca. u 5.2 ppm (2 H, bs). In the i.r. spectra of these compounds, the carbonyl absorption of the urethane group was observed ca. 1720 cm-1.
The mass spectra of these compounds gave the expected molecular ion peaks and produced fragmentation patterns similar to those of mitomycin A or B which were discussed in detail by VAN LEAR.6)
Biological Activities Antibacterial activities of the 7-alkoxymitosanes obtained as above are shown in Table 2 the quinone-hydroquinone system which is influenced to a marked degree by the 7-substituent.7)
Acute toxicity and antitumor activity of the 7-alkoxymitosanes are shown in Table 3 . 7-Alkoxymitosanes with lower alkoxy group on C7 showed a greater toxicity in mice, while the toxicity of 7-alkoxymitosanes with higher alkoxy group on C7 decreased. All 7-alkoxymitosanes showed a strong inhibition on the growth of HeLa S-3 cells in vitro (IC50; <0.01-0.1 mcg/ml). Most of the 7-alkoxymitosanes suppressed the growth of transplanted Sarcoma-180 (solid type) in mice. 7-n-Propoxy-7-demethoxymitomycin A (2) was equal to mitomycin C in antitumor activity. A more detailed report on the antitumor activities of the 7-alkoxymitosanes will be published elsewhere. showed i.r., p.m.r. and mass spectra compatible with its structure. Thin-layer chromatography on silica gel (Eastman Chromagram No 6061) with the solvent system CHCl3 -Me2CO (1:1) was used for identification of the products and tracing of the reactions.
7-Ethoxy-7-demethoxymitomycin A (1) To a stirred mixture of 100 mg of mitomycin A and 10 ml of ethanol at room temperature was added 240 mg of 1.6 % KOH ethanol solution in portions over 30 minutes. After excess dry-ice was added to the reaction mixture, the precipitate was filtered off and the filtrate was evaporated under reduced pressure and the residue was subjected to gradient chromatography on silica gel with acetone -chloroform (0: 1 -1: 1). From the main reddish-purple elution, 103 mg (97.3 yield) of reddish-purple powder was obtained. It was crystallized from acetone as reddishpurple needles.
A similar method offered the following derivatives; 7-n-butoxy (4) (69.6% yield), 7-ibutoxy (5) (75.4 % yield), 7-n-amyloxy (7) (49.7 yield), 7-i-amyloxy (8) (71.7 % yield), 7-n-hexyloxy (9) (36.6 % yield), 7-n-heptyloxy (11) (57.0% yield), 7-n-octyloxy (12) (56.1 % yield), 7-ndecanoyloxy (13) (57.3 % yield), 7-(2-methoxy)-ethoxy (15) (48.8 % yield), and 7-benzyloxy-7-demethoxymitomycin A (16) (49.4% yield). 7-i-Propoxy-7-demethoxymitomycin A (3) To a stirred mixture of 1 g of mitomycin A and 22.5 ml of i-propanol was added 257 mg of 18.7% sodium i-propoxide i-propanol solution in portions over 1 hour at room temperature. After excess dryice was added to the reaction mixture, the precipitate was filtered off and the filtrate was evaporated under reduced pressure and the residue was chromatographed on silica gel with acetone -chloroform (0: 1 -1: 1) in a gradient fashion. From the main reddish-purple elution, 887.9 mg (75.8% yield) of powder was obtained. It was crystallized from acetone as reddish-purple needles.
A similar method offered the following derivatives; 7-n-propoxy (2) (85.7; yield), 7-sec-butoxy (6) (68.4% yield), 7-cyclohexyloxy (10) (27.8% yield) and 7-stearyloxy-7-demethoxymitomycin A (14) (11.0% yield). In these compounds, only 14 was obtained when tetrahydrofuran was used as a solvent.
7-i-Propoxy-7-demethoxymitomycin B (17) To a stirred mixture of 100 mg of mitomycin B and 4.5 ml of i-propanol was added 44 mg of 12.7 sodium i-propoxide i-propanol solution in portions over 1 hour at room temperature. After excess dryice was added to the reaction mixture, the precipitate was filtered off and the filtrate was evaporated under reduced pressure and the residue was chromatographed on silica gel with acetone -chloroform (0: 1 -1 : 1) in a gradient manner. From the principal purple colored fraction, 101 mg (95.8% yield) of deeppurple powder was obtained. It was crystallized from acetone as deep-purple needles.
1-Ethyl-3-hydroxymethyl-5-i-propoxy-2-methylindole-4,7-dione (18) To a stirred mixture of 200 mg of 1-ethyl-3-hydroxymethyl-5-methoxy-2-methylindole-4,7-dione9) and 20 ml of i-propanol was added 150 mg of saturated KOH i-propanol solution in portions over 1 hour at room temperature. After excess dry-ice was added to the reaction mixture, the precipitate was filtered off and the filtrate was evaporated under reduced pressure. The residue was crystallized from ethanol thod. Mice (ddY-strain, male) weighing 20+ 1 g were used and were observed for 2 weeks after injection (i.p.) of drugs. * Mice (ddY-strain , male) weighing 19-'-I g were used. The drug dose was one-sixth of each LD3o. Other details of the antitumor test followed the paper described by Onosfn`).
